The production of sewage sludge originating from municipal wastewater treatment plants has been increased significantly. Sludge is considered the largest byproduct of wastewater in volume, whose process and disposal is considered one of the most complex environmental problems. This paper reports experimental findings regarding the feasibility of using sewage sludge in concrete as an alternative to freshwater varying from 0 to 100% by weight. The concrete samples were studied with regard to compressive strength and workability. The results showed that sludge can be replaced up to 50% by weight of water without any significant deterioration of mechanical properties. To reinforce concrete strength, rock dust was added to concrete as an alternative to the whole fine aggregates. According to the findings, the presence of rock dust has beneficial effects on compressive strength, whose samples with 50% sludge were comparatively better in terms of compressive strength than the normal concretes. Furthermore, the impact of rock dust on concrete workability was negligible. In addition to environmental conservation, the use of both sewage sludge and rock dust in concrete could save a large amount of freshwater and prevent further depletion of natural aggregates respectively. Moreover, it can be a means of waste disposal and resource recovery.
INTRODUCTION
Currently, according to scientists' emphasis on environmental health and water pollution issues, there is an increasing awareness of beneficial and safe wastewater disposal. Proper use of sewage sludge and its byproducts mitigates a number of environmental problems (Oakes ) . Approximately 99% of initial wastewater stream in wastewater treatment plants is discharged as treated water and the remainder is a dilute suspension of solids, commonly known as sludge (Barrera-Díaza et al. ) . Sludge is an inevitable byproduct of wastewater treatment processes which is generally generated at a rate of 70-90 g/ person equivalent per day (Pescod ; Tamrabet et al. ; Tamrabet) . The presence of pollutants and unstable pathogen which leads to potential health and environmental hazards is a matter of crucial importance (Mohammad & Athamneh ; Ahmad et al. ) . The most widely used final disposal method of sludge is discharge into landfills, which is considered detrimental to the soil and urban landscape (Hoffman ) .
The ideas of using sludge as a component of cement (Onaka ; Taruya et al. ) , in making building blocks and panels, in the paper and pulp industry (Zelic ) , in the creation of hempcrete combined with cellulose fibers in the cement matrix, are considered useful methods of sludge disposal (Eires & Jalali ) . Incinerator sewage sludge ash with pozzolanic properties which is submitted to acid washing, has the potential to be used in construction On the other hand, the production of concrete requires a large amount of water and only freshwater is used in most of its production. In fact, approximately 800 and 825 billion liters of water were used in the production of concrete during the years 1997 and 2010 respectively, at an average of 250 kg of cement per 1 m 3 of concrete and a 0.5 water/ cement ratio (Aïtcin ). While Iran is regarded as a country with little precipitation and the demand for water is on the increase day by day (Fotovat et al. ) , 80 million cubic meters of concrete with an average cement grade of 250 kg per m 3 is produced with 11,000 million cubic meters of water annually. Therefore, using alternatives for concrete mixing water is necessary due to the higher con- Table 2 .
Figures 1 and 2 show the particle size distribution of coarse and fine aggregates.
Rock dust
Exporting white rock dust with fineness modulus of 2.80 is used in this study. Figure 3 shows particle size distribution of rock dust.
Sources and analysis of sewage sludge samples
The sludge used in the development and production of the concretes was collected from Ghods wastewater treatment plant in Tehran. This treatment plant, with a treatment The samples were collected in plastic containers and some lime was added to each container to obtain a pH of 12 or more, 24 hours before being used in concretes, to eliminate a majority of microorganisms. Sludge samples were subjected to chemical analysis using XRF, as presented in Table 3 .
Concrete mix design
For preparing concrete specimens, wastewater sludge, potable water, Portland cement ∥, fine and coarse aggregates and rock dust were used. For each cubic meter of concrete, concrete composition are given as shown in Table 4 . Four different series of concrete specimens were prepared; C-C, C-RD, C-S and C-RD-S. C-C means 'Controlled Concrete', C-S is referred to concrete with 'Sludge'. RD stands for rock dust and C-RD-S means concrete containing rock dust and sludge.
Water/cement ratio and cement grade were fixed at 0.45
and 350 kg/m 3 respectively. Aggregates were graded with sieve series before being used in concretes.
Different percentages (25, 50, 75 and 100%) of sewage sludge replaced water to measure 7, 28 and 90-day compressive strength. Concrete compression in molds was performed by a vibration table (Neville ).
Curing of specimens
Casted specimens were left for a day in mold in a humid laboratory condition (23 ± 2 W C). Then, they were removed and immersed in water for 7, 28 and 90 days.
All blocks were prepared and maintained in the same conditions. In other words, parameters such as concrete compression, mixture rate, temperature, humidity, cement type and grading of coarse and fine aggregates in all tests were considered fixed (Leung et al. ). Samples were placed in a humid environment for 24 hours. Therewith, all concrete cubes were maintained in potable water for different durations (7, 28 and 90 days) to cure.
Compressive strength and workability tests
The slump of fresh concretes was measured according to ASTM C143-90a () and the compressive strength of 
RESULTS AND DISCUSSION

Sludge analysis
Various alternatives of Qods' sludge disposal can be studied. 
CONCLUSION
The production of concretes with the joint addition of sewage sludge and rock dust may offer a recycling alternative that is feasible from the standpoint of compression strength and workability. Sludge can be used in concrete as mixing water up to 50% and can even increase compressive strength when rock dust is used instead of fine aggregates. In other words, experimentally manufactured samples with recommended composite have been superior in compressive strength compared to conventional ones. The workability of fresh concretes presents a downward trend in both usages of sludge, and the composite of sludge and rock dust. However, this reduction is insignificant up to 50% replacement of water with sludge, and the impact of rock dust is also considered negligible.
The production of concrete with a composite based on sewage sludge and rock dust can be effective from the viewpoint of environmental pollution control and natural resources conservation including freshwater and river aggregates.
